In 2005, we discovered a symbiotic lactic acid bacterial (LAB) microbiota in the honey stomach of the Western honeybee, Apis mellifera (Olofsson & Vásquez, 2008) . The honey stomach is a central organ in the honeybee's food production, used for the collection of nectar and its transport to the hive. This previously unknown microbiota is composed of several phylotypes within the genera Lactobacillus and Bifidobacterium and plays a key role in the production of honey (Olofsson & Vásquez, 2008; Vásquez et al., 2012) and bee bread (Vásquez & Olofsson, 2009) , food that is stored long-term and consumed by both adult honeybees and larvae. Our recent studies have also shown that the LAB microbiota is consistent across the native and introduced A. mellifera range (Olofsson & Vásquez, 2008; Olofsson et al., 2011; Vásquez et al., 2009) and present similarly in all recognized honeybee species (Apini) as well as in stingless bee species (Meliponini) (Vásquez et al., 2012) . After our discovery, many research colleagues around the world have also found different or identical phylotypes of the genus Lactobacillus originating in the honey stomach of honeybees and their food (see Table 3 ). These phylotypes could be regarded as possible subspecies in the future. Besides its importance in the honeybee's food production and preservation, this highly co-evolved microbiota has shown a protective action against severe bee pathogens (Forsgren et al., 2010; Vásquez et al., 2012) and bacteria present in nectar by producing active proteins (Butler et al., 2013) .
In the present study, the Western honeybee subspecies A. mellifera mellifera was sampled for LAB. Carl von Linné named this subspecies in 1758, at a time when it was free living in Europe. Today, this subspecies is protected, since it is threatened by extinction. The collected bees originated from the same apiary in a protected area in Hammerdal, Jämtland, in northern Sweden, and they are part of a conservation project in Sweden called Nordbi. The 16S rRNA genes were sequenced from a total of 168 isolates sampled from different honeybee crops and honeybee foods. Ninety-one of these isolates were related most closely to the genus Lactobacillus but distantly related to any existing species of the genus Lactobacillus. Honey stomachs of incoming foragers, fresh honey, corbicular bee pollen and bee bread were collected as described previously (Olofsson & Vásquez, 2008; Vásquez & Olofsson, 2009) . Unless otherwise stated, pure bacterial isolates were obtained under anaerobic cultivation (AnaeroGen Compact System; Oxoid) at 35 u C on De Man, Rogosa and Sharpe (MRS) agar plates (Oxoid) or in MRS broth supplemented with 0.1 % L-cysteine (Sigma) and 2.0 % fructose (Merck). The isolates were incubated for 3 days. PCR amplification, 16S rRNA gene sequencing, identification and phylogenetic analysis ( Fig. 1) were performed according to Olofsson & Vásquez (2008) . In addition, the 16S rRNA gene sequences (1450 bp) were also checked against the Ribosomal Database Project II (RDP) software (http://rdp.cme.msu.edu/).
The genome sequences of the proposed type strains T (Butler et al., 2013) and Lactobacillus kunkeei YH-15 T were used for various analyses in the present study.
Cell morphologies and spore-forming abilities of each isolate were examined by phase-contrast microscopy and by SEM as described previously (Vásquez et al., 2012) . Determination of Gram staining reactions was performed using a Gram staining kit (bioMérieux). Sugar fermentation patterns and aesculin hydrolysis were assessed using the API 50 CHL system (bioMérieux) in duplicate after 5 days of incubation at 35 u C.
Enzyme activities of the LAB strains were measured using the API ZYM strip (bioMérieux) as described by the manufacturer. Each LAB strain was grown on MRS agar (supplemented with 2 % fructose and 0.1 % L-cysteine) at 35 u C for 72 h prior to testing.
Analyses of cellular fatty acids and polar lipids were carried out by the DSMZ according to previously described methods (Bligh & Dyer, 1959; Kämpfer & Kroppenstedt, 1996; Miller, 1982; Tindall et al., 2007) . After cultivation, bacterial cells were collected by centrifugation and lyophilized.
Lactic acid configuration was determined using a test kit from Boehringer Mannheim. Catalase activity was determined by transferring fresh colonies from MRS agar to a glass slide and adding 5 % H 2 O 2 (bioMérieux). Whole genomes were searched for genes coding for catalase using the ERGO database (Integrated Genomics) (Overbeek et al., 2003) and BLASTALL 2.2.26 (on the NCBI website) (Altschul et al., 1990) . Homofermentative and heterofermentative characterization was done by growing the bacteria in MRS broth lacking citrate (Schillinger & Lücke, 1987) , with inverted Durham tubes to observe CO 2 production from glucose. Growth at various pH and temperatures was determined adjusting MRS broth with HCl and NaOH and cultivation of the bacteria on MRS plates at various temperatures. Aerobic growth was determined by cultivating the bacteria on MRS plates.
For MALDI-TOF MS protein profiling, bacterial cell extracts were prepared from fresh colonies using the ethanol/formic acid extraction procedure as recommended by the manufacturer (Bruker Daltonik) and described previously (Mellmann et al., 2008) . Extracts were pipetted onto a clean, polished steel target plate and, once air-dried, overlaid with a saturated a-cyano-4-hydroxycinnamic acid (CHCA) matrix solution. Automatic mass spectrum collections were acquired in linear positive mode using an Ultaflextreme MALDI-TOF/TOF mass spectrometer and the software flexControl 3.3 and MALDI Biotyper RTC 3.0 (Bruker Daltonics) with standard settings. The MALDI Biotyper 3.0 offline client software was used for mass spectrum-based identification and classification of the strains against the Bruker Daltonics database containing main spectra (MSP). An internal MSP library consisting of the described bacterial strains was created according to Bruker's standard procedures using MALDI Biotyper. This library can be used in combination with the Bruker database or as a standalone library. The MSP dendrogram was calculated using the MALDI Biotyper and the settings used were correlation as distance measure, and the average linkage algorithm. The distances were normalized to between 0 and 1000.
To determine the peptidoglycan structure of the bacterial cell walls, we checked for the ability to produce mesodiaminopimelic acid (m-DAP), searching the wholegenome sequences using the ERGO database (Integrated Genomics) (Overbeek et al., 2003) and BLASTALL 2.2.26 (NCBI) (Altschul et al., 1990) . The presence of the m-DAP Novel Lactobacillus species from the honeybee honey stomach synthesis pathway does not prove that the bacterial cell wall contains m-DAP as its diamino acid; for instance, it can be used as a pathway to produce lysine. To determine the cell-wall composition further, genes coding for enzymes specific for building up the peptides in the peptidoglycan were identified in whole-genome sequences. Genome analyses, together with traditional peptidoglycan analyses (Schumann, 2011) , were performed to determine the peptidoglycan structure. DNA-DNA relatedness values were determined at the DSMZ. Using the procedure of Cashion et al. (1977) , the DNA was isolated by chromatography on hydroxyapatite. DNA-DNA hybridizations were carried out as described by De Ley et al. (1970) , with the modifications as described by Huss et al. (1983) , using a Varian Cary 100 Bio UV/Vis spectrophotometer equipped with a Peltier-controlled 666 multicell changer and a temperature controller with in situ temperature probe (BioTech) . Mean values were calculated from duplicates.
As a complement to DNA-DNA hybridization, the average nucleotide identity (ANI) of the total genomic sequence shared between two strains (pairwise comparison) was determined according to Goris et al. (2007) . Whole-genome sequences in a pairwise comparison were cut into consecutive 1020 bp fragments. One of the cut genome sequences was used as the query sequence, while the other sequence was used as the subject. The 1020 bp fragments were aligned using the BLAST 2.2.26 (ANIb) algorithm (Altschul et al., 1990) . Whole query and subject genomes were aligned with NUCMER in MUMmer 3.23 software (ANIm) (Kurtz et al., 2004) . ANI values were calculated using JSpecies 1.2.1 software (Goris et al., 2007) . The DNA G+C content was determined based on whole-genome sequence analysis. (8.55, 44.57, 42.81, 51.62, 40.48, 53.11 and 47.22 %, respectively), C 16 : 0 (44.20, 16.29, 17.34, 16.39, 26.73, 15.71 and 20.78 %) , summed unknown 18.846/C 19 : 1 v6c/C 19 : 0 cyclo v10c/C 19 v6 (9. 64, 14.74, 18.04, 10.56, 14.73, 9 .28 and 12.05 %) and C 19 : 0 cyclo v8c (25.36, 11.32, 7.20, 7.20, 6.41, 7 .83 and 6.21 %).
Phylogenetic analysis (Fig. 1 ) of the 16S rRNA gene sequences placed strain Fhon13N
T in a group with L. kunkeei (Felis & Dellaglio, 2007) . The 16S rRNA gene sequence of Fhon13N
T was most closely related to that of the type strain of L. kunkeei, with 98.9 % similarity. Strains Bin4N T and Hon2N T were placed in the Lactobacillus buchneri subgroup of the lactobacilli (Felis & Dellaglio, 2007) . The 16S rRNA gene sequences of strains Bin4N
T and Hon2N
T were most closely related to those of the type strains of L. buchneri, L. versmoldensis and L. plantarum, with ¡88.9 and ¡89.4 % similarity, respectively. Strains Hma8N T , Hma2N T , Bma5N T and Biut2N T were placed in the Lactobacillus delbrueckii subgroup of the lactobacilli (Felis & Dellaglio, 2007 (Table 2) were well below the threshold of the recommended ANI of 95 % (Goris et al., 2007) and the recommendations of a threshold value of 70 % DNA-DNA relatedness for the definition of bacterial species (Wayne et al., 1987 (Table 2) were well below the threshold of the recommended ANI of 95 % (Goris et al., 2007) and the recommendations of a threshold value of 70 % DNA-DNA relatedness for the definition of bacterial species (Wayne et al., 1987) .
The 16S rRNA gene sequence of the reference strain Kvahm3N showed 100 % similarity to that of Fhon13N T .
In the MSP dendrogram, Fhon13N
T grouped closely together with the reference strain Kvahm3N, and both were well separated from the closest type strain, L. kunkeei CCUG 53901 T (Fig. 2) . According to this analysis, strains Fhon13N
T and Kvahm3N represent a novel species of the genus Lactobacillus, for which we propose the name Lactobacillus apinorum sp. nov.
The 16S rRNA gene sequence of the reference strain Bin4 showed 99.9 % similarity to that of Bin4N T . In the MSP dendrogram, Bin4N
T grouped closely together with the reference strain Bin4, and both were well separated from the other proposed type strains (Fig. 2) . According to this analysis, strains Bin4N
T and Bin4 represent a second novel species of the genus Lactobacillus, for which we propose the name Lactobacillus mellifer sp. nov.
The 16S rRNA gene sequence of the reference strain H1hs38N showed 99.8 % similarity to that of Hon2N T . In the MSP dendrogram, Hon2N
T grouped close together with the reference strain H1hs38N, and both were well separated from the other proposed type strains (Fig. 2) . According to this analysis, strains Hon2N
T and H1hs38N represent another novel species of the genus Lactobacillus, for which we propose the name Lactobacillus mellis sp. nov.
The 16S rRNA gene sequence of the reference strain H6hs25N showed 100 % similarity to that of Hma8N T . In the MSP dendrogram, Hma8N
T grouped close together with the reference strain Hma8, and both were well separated from the closest type strain, Lactobacillus apis R4B T , and the other proposed type strains (Fig. 2) . According to this analysis, strains Hma8N
T and H6hs25N represent a fourth novel species of the genus Lactobacillus, for which we propose the name Lactobacillus melliventris sp. nov.
The 16S rRNA gene sequence of the reference strain H6hs28N showed 99.6 % similarity to that of Hma2N T . In both the phylogenetic tree ( Fig. 1 ) and the MSP dendrogram (Fig. 2), Hma2N T grouped close together with the reference strain H6hs28N, but the reference strain also grouped close to the proposed novel type strain Biut2N T and the reference strain H6hs21N; however, these results varied with settings in the respective software, especially in the phylogenetic tree. Results from API 50 tests (Table 1) clearly show the relatedness of the reference strains to their respective proposed type strains. Both strains were well separated from the closest type strain, L. apis R4B T , and the other proposed type strains. According to this analysis, strains Hma2N
T and H6hs28N represent another novel species of the genus Lactobacillus, for which we propose the name Lactobacillus kimbladii sp. nov.
The 16S rRNA gene sequence of the reference strain H4bb18N showed 100.0 % similarity to that of Bma5N T . In the MSP dendrogram, Bma5N
T grouped close together with the reference strain H4bb18N, and both were well separated from the closest type strain, L. apis R4B T , and the other proposed type strains (Fig. 2) . According to this analysis, strains Bma5N
T and H4bb18N represent a sixth novel species of the genus Lactobacillus, for which we propose the name Lactobacillus helsingborgensis sp. nov.
Finally, the 16S rRNA gene sequence of the reference strain H6hs21N showed 99.5 % similarity to that of Biut2N T . In both the phylogenetic tree ( Fig. 1 ) and the MSP dendrogram (Fig. 2), Biut2N T grouped close together with the reference strain H6hs21N, but the reference strain also grouped close to the proposed novel type strain Hma2N
T and the reference strain H6hs28N, as mentioned previously; however, these results varied with settings in the respective software, especially in the phylogenetic tree. As mentioned above, results from API 50 tests (Table 1) clearly showed the relatedness of the reference strains to their respective proposed type strains. Both strains were well separated from the closest type strain, L. apis R4B T , and the other proposed type strains. According to our analysis, strains Biut2N
T and H6hs21N represent a seventh novel species of the genus Lactobacillus, for which we propose the name Lactobacillus kullabergensis sp. nov.
Sequences closely related to those of the novel strains that are available in GenBank are detailed in Table 3 .
Description of Lactobacillus apinorum sp. nov.
Lactobacillus apinorum (a.pi.no9rum. N.L. masc. pl. n. Apini scientific zoological name of a tribe including only the genus Apis and referring to honeybees; N.L. gen. masc. pl. n. apinorum of the Apini, referring to the isolation of strains of this species from honeybees in northern Sweden but also originating from other Apis species).
Cells are Gram-stain-positive, non-motile, non-sporeforming, catalase-negative rods, 0.5-0.861.5-6.0 mm, and occur singly or in pairs. After anaerobic growth on supplemented MRS agar (0.1 % L-cysteine and 2.0 % fructose) at 35 u C for 72 h, colonies appear white and opaque. They have a smooth to rough surface, and are circular, raised and approximately 3-4 mm in diameter. Facultatively anaerobic and grows well on supplemented MRS agar under aerobic conditions. On supplemented MRS agar, growth occurs at 15-50 u C; in supplemented MRS broth, growth occurs at pH 3.0-12.0. D-Lactate is produced as the end product from hexoses. Gas is produced from glucose. Results from API 50 and API ZYM tests (Table 1) ) and the reference strain Kvahm3N (5DSM 263155CCUG 63288) were both isolated from the honey stomach of the honeybee A. mellifera mellifera. The DNA G+C content of the type strain is 34.7 mol%.
Description of Lactobacillus mellifer sp. nov.
Lactobacillus mellifer (mel9li.fer. L. adj. mellifer -fera -ferum honey-bearing, honey-producing; L. masc. adj. mellifer intended to mean isolated from the honeybee A. mellifera).
Cells are Gram-stain-positive, non-motile, non-sporeforming, catalase-negative rods, 0.5-0.865.0-9.0 mm, and occur singly or in pairs. After anaerobic growth on supplemented MRS agar (0.1 % L-cysteine and 2.0 % fructose) at 35 u C for 72 h, colonies appear colourless, punctiform and circular with a diameter of approximately 2-3 mm. Facultatively anaerobic and grows well on supplemented MRS agar under aerobic conditions. On supplemented MRS agar, growth occurs at 15-50 u C. Growth occurs in supplemented MRS broth at pH 3.0-12.0. D-Lactate is produced as the end product from hexoses. Gas is not produced from glucose. Results from Novel Lactobacillus species from the honeybee honey stomach API 50 and API ZYM tests (Table 1) , and the reference strain Bin4 (5DSM 263165CCUG 65819) were isolated from the honey stomach, but from the two different honeybees, a specimen of A. mellifera mellifera (Bin4N T ) and A. mellifera bred according to Buckfast (Bin4). The DNA G+C content of the type strain is 39.4 mol%.
Description of Lactobacillus mellis sp. nov.
Lactobacillus mellis (mel9lis. L. gen. n. mellis of honey).
Cells are Gram-stain-positive, non-motile, non-sporeforming, catalase-negative rods, 1.0-1.263.0-6.0 mm, and occur singly or in pairs. After anaerobic growth on supplemented MRS agar (0.1 % L-cysteine and 2.0 % fructose) at 35 u C for 72 h, colonies appear white, translucent, with a smooth to rough surface, circular, with a convex elevation, moist and punctiform, with a diameter of approximately 2-3 mm. Facultatively anaerobic and grows well on supplemented MRS agar under aerobic conditions. On supplemented MRS agar, growth occurs at 15-50 uC. Growth occurs in supplemented MRS broth at pH 3.0-12.0. D-Lactate is produced as the end product from hexoses. Gas is not produced from glucose. Results from API 50 and API ZYM tests (Table 1) show production of acid from D-glucose, D-fructose, arbutin and salicin. Aesculin is hydrolysed. Enzyme activities are shown for leucine arylamidase, valine arylamidase, acid phosphatase, 263135CCUG 63290) were isolated from the honey stomach of the honeybee A. mellifera mellifera. The DNA G+C content of the type strain is 36.4 mol%.
Description of Lactobacillus melliventris sp. nov.
Lactobacillus melliventris (mel.li.ven9tris. L. n. mel, mellis honey; L. n. venter, -tris belly, stomach; N.L. gen. n. melliventris of the honey stomach, referring to the isolation of the first strains from the honey stomach of honeybees).
Cells are Gram-stain-positive, non-motile, non-spore-forming, catalase-negative rods, 0.5-0.862.0-7.0 mm, and occur singly or in pairs. After anaerobic growth on supplemented MRS agar (0.1 % L-cysteine and 2.0 % fructose) at 35 uC for 72 h, colonies appear white and opaque, with a smooth to rough surface, circular, raised, moist and punctiform, with a diameter of approximately 2-3 mm. Facultatively anaerobic and grows well on supplemented MRS agar under aerobic conditions. On supplemented MRS agar, growth occurs at 15-50 u C. In supplemented MRS broth, growth occurs at pH 3.0-12.0. D-Lactate is produced as the end product from hexoses. Gas is not produced from glucose. Results from API 50 and API ZYM tests (Table 1) Description of Lactobacillus kimbladii sp. nov.
Lactobacillus kimbladii (kim.bla9di.i. N.L. gen. masc. n. kimbladii named after beekeeper Tage Kimblad, for his significant contributions to the discovery of the LAB microbiota in the honey stomach of honeybees).
Cells are Gram-stain-positive, non-motile, non-spore-forming, catalase-negative rods, 0.563.0-7.0 mm, and occur singly or in pairs. After anaerobic growth on supplemented MRS agar (0.1 % L-cysteine and 2.0 % fructose) at 35 u C for 72 h, colonies appear white and opaque, with a smooth to rough surface, circular, raised, moist and punctiform, with a diameter of approximately 2-3 mm. Facultatively anaerobic and grows well on supplemented MRS agar under aerobic conditions. On supplemented MRS agar, growth occurs at 15-50 u C. Growth occurs in supplemented MRS broth at pH 3.0-12.0. D-Lactate is produced as the end product from hexoses. Gas is not produced from glucose. Results from API 50 and API ZYM tests (Table 1) show production of acid from D-glucose, D-fructose, D-mannose, N-acetylglucosamine, arbutin, salicin and D-tagatose and weak acid production from maltose. Aesculin is hydrolysed. Enzyme activities are shown for leucine arylamidase, valine arylamidase, acid phosphatase and naphthol-AS-BI-phosphohydrolase and weak activity is shown for cystine arylamidase. The major fatty acids detected are C 18 : 1 v9c, C 16 : 0 , summed unknown 18.846/C 19 : 1 v6c/C 19 : 0 cyclo v10c/ C 19 v6 and summed C 18 : 1 v7c/C 18 : 1 v6c. The polar lipids comprise diphosphatidylglycerol and phosphatidylglycerol together with three uncharacterized phospholipids, four Cells are Gram-stain-positive, non-motile, non-spore-forming, catalase-negative rods, 0.5-0.862.0-7.0 mm, and occur singly or in pairs. After anaerobic growth on supplemented MRS agar (0.1 % L-cysteine and 2.0 % fructose) at 35 u C for 72 h, colonies appeared white and opaque, with a smooth to rough surface, circular, raised, moist and punctiform, with a diameter of approximately 2-3 mm. Facultatively anaerobic and grows well on supplemented MRS agar under aerobic conditions. On supplemented MRS agar, growth occurs at 15-50 u C. In supplemented MRS broth, growth occurs at pH 3.0-12.0. D-Lactate is produced as the end product from hexoses. Gas is not produced from glucose. Results from API 50 and API ZYM tests (Table 1) The type strain Bma5N T (5DSM 26265 T 5CCUG 63301 T ) and the reference strain H4bb18N (5DSM 263175CCUG 63635) were both isolated from the honey stomach of the honeybee A. mellifera mellifera. The DNA G+C content of the type strain is 36.3 mol%.
Description of Lactobacillus kullabergensis sp. nov.
Lactobacillus kullabergensis (kul.la.ber.gen9sis. N.L. masc. adj. kullabergensis of or belonging to the nature reserve Kullaberg, where the discovery of these strains was made in 2005).
Cells are Gram-stain-positive, non-motile, non-sporeforming, catalase-negative rods, 0.563.0-8.0 mm, and occur singly or in pairs. After anaerobic growth on supplemented MRS agar (0.1 % L-cysteine and 2.0 % fructose) at 35 u C for 72 h, colonies appear white and opaque, with a smooth to rough surface, circular, irregular and punctiform and are approximately 2-3 mm in diameter. Facultatively anaerobic and grows well on supplemented MRS agar under aerobic conditions. On supplemented MRS agar, growth occurs at 15-50 u C. In supplemented MRS broth, growth occurs at pH 3.0-12.0. D-Lactate is produced as the end product from hexoses. Gas is not produced from glucose. Results from API 50 and API ZYM tests (Table 1) show production of acid from D-glucose, D-fructose, trehalose and gentiobiose and weak acid production from salicin. Aesculin is not hydrolysed. Enzyme activities are detected for leucine arylamidase, valine arylamidase, acid phosphatase, naphthol-AS-BIphosphohydrolase and b-glucosidase and weak activity of esterase and N-acetyl-b-glucosaminidase is detected. The major fatty acids detected are C 18 : 1 v9c, C 16 : 0 , summed unknown 18.846/C 19 : 1 v6c/C 19 : 0 cyclo v10c/C 19 v6 and summed C 18 : 1 v7c/C 18 : 1 v6c. The polar lipids comprise diphosphatidylglycerol, phosphatidylglycerol and phosphatidylethanolamine, together with an uncharacterized phosphoaminolipid, two uncharacterized phospholipids and ten glycolipids. Cells do not contain m-DAP in their cellwall peptidoglycan. The cell-wall peptidoglycan is of the A4a L-Lys-D-Asp type.
The type strain Biut2N T (5DSM 26262 T 5CCUG 63631 T ) and the reference strain H6hs21N (5DSM 263145CCUG 63632) were isolated from the honey stomach of the honeybee A. mellifera mellifera. The DNA G+C content of the type strain is 35.6 mol%.
